The present study aims at ascertaining whether a relationship exists between the liquidity risk and the interest rate risk of credit institutions. By analysing the balance sheet of a small Italian bank during the years 2009 and 2010, we outlined its liquidity profile, the variables that influenced its dynamics and their effects on the bank's global management, with particular attention to the interest margin and the interest rate risk in the banking book. We would like to fill a gap identified in the literature, shedding light on how a set of decisions designed mainly to reduce the liquidity risk and comply with the new parameters established by the Basel III Framework enables a more effective management of the regulatory capital and helps the bank to achieve a solid balance between profitability and solvency. Our main findings demonstrate that the bank succeeded in modifying its liquidity profile in order to comply with the incoming constraints imposed by the Basel III framework; the actions taken to reduce the liquidity risk also lowered its interest margin, but also enabled the bank to reduce the amount of capital absorbed by the interest rate risk, giving rise to a globally positive effect. JEL Classification Numbers: G21; G32; E47; F37
I. Introduction
Among the reasons for the failure of bank management models, amply highlighted by the effects of the economic crisis and partly facilitated by the regulations imposed by the banking supervisors, there is also the lack of an integrated, overall approach to banking activities capable of simultaneously assessing the fallout of any choices made on different risk domains.
An example of this situation comes from the securitisation processes that have often led to looser credit risk assessment methods, due to the assumption of a transfer to the market of loans and the postponement to a subsequent measurement by the rating agencies. In addition, the fact of holding sizable tranches of bonds deriving from these processes, i.e. of investing in securities of separate operations, has been discussed much more often in terms of their market risk profile, neglecting the related credit risk although this becomes fundamental in determining the value, for instance, of collateralised debt obligations (CDO) and asset-backed securities (ABS). The inclusion of these instruments in the sole trading book represents an example of such policies.
Much the same can be said about the liquidity risk. While banks are naturally liable to this risk, the availability of an enormous mass of funds, low interest rates, and apparently ever more efficient markets have led to its underestimation and to an exposure that has gradually grown as the crisis has become more severe (BCBS 2010) . In a period of an increasing internationalization of the financial systems and a rising pressure of competition, every intermediary had been obliged to seek a delicate equilibrium between a prudent and balanced term structure of the assets and liabilities while pursuing higher and higher levels of profitability. The result has been even very different levels of exposure to the liquidity risk (Tarantola 2008 ).
The liquidity risk not only stems from the traditional way in which a commercial bank operates, it is also a consequence of other risks (credit risk, market risk, reputational risk, strategic risk, etc.). In this latter sense, it is a consequential risk (Neu et al. 2006; CEBS 2008) that we must necessarily take into consideration along with the other risks, particularly in situations of stress (Strahan 2008; Nikolaou 2009 ).
There is a particular affinity between the liquidity risk and the interest rate risk in the banking book. The liquidity risk depends on the due dates of the single cash flow associated with the assets and liabilities, while the interest rate risk depends on their repricing period. The link can be seen in one of the main functions of credit institutions, i.e. maturity transformation.
Banks finance their investments by issuing liabilities with a shorter mean maturity than that of their investments; the resulting imbalance between the terms for the assets and liabilities means that they take on an interest risk and a liquidity risk (Resti and Sironi 2007) . Both of these risks thus come to bear on the same balance sheet items, making it essential for the bank to take a global, integrated approach to managing its assets and liabilities from the point of view both of the maturity periods of the single cash flows and of the interest rates applied.
In particular, decisions designed to improve the bank's liquidity profile in the short and in the medium-to-long term can presumably facilitate a better balance between its assets and liabilities, and consequently a lower impact of the interest rate risk on its capital. Then it is also likely that a lower liquidity risk level may well have potentially negative effects in terms of profitability (Resti 2011) , but this may be balanced thanks to a lower absorption of capital.
The literature has thoroughly debated both the liquidity risk and the interest rate risk, but for the time being there seems to be no contribution from the scholars on the integrated management of these types of risk. Conversely, among the actions taken by the supervisors following the financial crisis, special attention has been paid to the role of risk management, one of the responsibilities of which is to ensure that every risk of relevance to the bank is correctly identified and effectively managed according to an integrated logic (Bank of Italy 2012b; EBA 2011).
The present study proposes to fill the gap identified in the literature, using a case study to shed light on how a set of decisions designed mainly to reduce the liquidity risk and comply with the new parameters established by the Basel III Framework, despite entailing an initial opportunity cost for the bank, enables a more effective management, right from the start, of the regulatory capital and helps the bank to achieve a solid balance between profitability and solvency. The hypothesis that we aim to verify is that a direct relationship 1 exists between liquidity risk and interest rate risk in the banking book, such that reducing the exposure to the former also induces a reduction in the bank's exposure to the latter as well. Although this dual improvement in the coverage of these risks means a lower profitability in terms of the interest margin in the short term, it reinforces the bank's capital solidity in the medium to longer term, enabling it to return to more adequate, sustainable profitability levels.
This study is organized as follows: section II outlines the principal contributions in the literature on the topics of liquidity risk and interest rate risk; in section III we focus on an empirical application to a small Italian bank with a view to highlighting the link existing between the liquidity risk and the interest rate risk. In section IV we analyse and discuss our main findings; and section V contains our conclusions, emphasizing the management implications for banks and mentioning potential further research topics.
II. Literature

Literature on the liquidity risk
The topic of the liquidity risk had been attracting the interest of scholars well before the international crisis of 2007 came about and, albeit without establishing specific capital requirements for covering said risk (Resti and Sironi 2010) , the banking supervisors have nonetheless emphasized its relevance.
1The relationship investigated does not necessarily implicate a linear function; it refers more in general to a situation of dependence.
The first papers on the liquidity risk date from the 19th century, when Knies (1876 , cited in Duttweiler 2009 ) underscored the need for a cash buffer to compensate for negative gaps between flows of incoming and outgoing payments in cases where their respective maturity periods could not be perfectly controlled. In the 20 th century, Saraceno (1942 , cited in Mazzei 1992 claimed that "the search (…) for the most fruitful combination of lending and borrowing operations among all the operations that ensure the bank has the necessary balance between income and expenditure, is the core problem of bank management. A bank's liquidity can be defined as its capacity to achieve this balance economically and at all times".
Among the most recent contributions, Gualandri et al. (2009) start with the concept that, given the imperfection of the capital markets, the transfer of resources between economic operators necessitates an adequate quantity of financial activities generally accepted as being risk-free by the operators who act as intermediaries in the exchanges. The authors give a definition of a bank's liquidity ("inside liquidity") as its monetary obligations on demand, in the form of deposits in current accounts and credit lines. This definition of liquidity leads to that of a bank's liquidity risk, identified as the difficulty banks may have in promptly and economically meeting their monetary obligations deriving from the management of payments that are made using bank money. According to Ferrari and Ruozi (2009) , the liquidity crisis is the result, not the cause of recent bank crises. Their difficulties would originate instead from their having departed from the proper principles of a healthy and prudent management (already established by international banking methods) and having focused excessively on achieving short-term profits, combined with the inefficacy of the banks' internal control systems and, in some countries, also the inadequacy of the banking supervisors' policies.
A work by Cornett et al. (2011) concerns how banks managed the liquidity shock that occurred during the financial crisis of 2007-2009 by adjusting their holdings of cash and other liquid assets, as well as how these efforts to weather the storm affected credit availability. In particular, by examining a sample of North American commercial banks, they showed that liquidity risk exposure is not only negatively correlated with loan growth in the crisis, but it is also positively correlated with the growth in liquid assets, supporting the interpretation that efforts to build up balance sheet liquidity displaced funding to support new lending. They also show that the market liquidity of bank assets negatively affected their accumulation of liquid assets and positively affected their loan growth. By quantifying how much credit would have contracted if banks had entered the fall of 2008 less exposed to liquidity risk, these authors highlighted that new credit production, as the sum of both on balance-sheet loans and undrawn commitments, fell by about $500 billion in the fourth quarter of 2008; had liquidity exposure been in the lower quartile across the whole banking system, their estimates suggest that new credit would have fallen by just $87 billion, or almost 90% less than the unadjusted figure.
As for the impact of the new rules on liquidity risk management deriving from the Basel III agreement (BCBS 2010 ), Resti (2011 makes the point that the introduction of the compulsory "liquidity coverage ratio" (LCR) and "net stable funding ratio" (NSFR) 2 will have a significant impact on the banks' activity. In particular, the author indicates that the reduction in the maturity transformation activities that will derive from applying these ratios is destined (given a positively sloping curve of "normal" interest rates) to produce a decline in the revenue, and of the interest margin in particular. Similarly, the "compulsory" holding of a consistent quantity of liquid assets is seen as being liable to dilute the ROA. A study conducted by McKinsey & Company (2010) for the European banking sector comes to the same conclusions as Resti, estimating the impact of the new ratios, in terms of the growth of the liquid assets, at approximately Euro 2 billion relating to the LCR indicator, while it estimates a growth in the long-term funding (with a maturity beyond one year) of between 3.5 and 5.0 billion Euro for the NSFR. Referring to the banks' profitability, the McKinsey study 2The criteria for calculating these ratios and the positions associated with them will be discussed in section III.
gives an estimate of the ROE that takes the effects of the introduction of the two liquidity indicators into account: this means a reduction to 4.3% as opposed to a pre-crisis average of 15%.
Finally, the study by La Ganga and Trevisan (2010) emphasizes how the enforcement of the new regulation will strengthen the process of changing company strategies, already partially started, returning to businesses more focused on traditional activities (so-called back to basic) with a probable downsizing of trading activities. The necessity to extend funding maturities and to strengthen its more stable components will give rise to a considerable reduction in the banks' interest margin and an increasing pressure of the competition on the retail funding.
Including highly liquid assets in the buffer will also give rise to an increase in the opportunity costs, and investments designed to strengthen the bank's coverage of its liquidity risk, as required by the supervisory authorities, have already been and will continue to be numerous.
The authors make the point that all these costs will unavoidably lead to lower profits, so it is hard to imagine a return to the extraordinary levels of profitability for the banking sector seen in the past, facilitated by a market that was rewarding extreme financial innovation.
Literature on the interest rate risk in the banking book
The interest rate risk for financial intermediaries, defined as the possibility of fluctuations in the market rate producing significant variations in one direction or the other on the balance of assets (Zen 2008) , has been the object of the supervisory authorities' attention since 1997, when the Basel Committee (BCBS 1997 and The literature has amply debated the various types of interest rate risk to which banks are exposed (BCBS 2004) 4 . The main contributions published over the years focus on analysing the various approaches used to assess exposure to this risk, generally distinguishable as being based on the "current earnings perspective" or the "economic value perspective". The scholars and the operators in the sector alike consider these approaches complementary, not alternative. They can each be distinguished by specific target variables and analytical methods. In particular, the "current earnings perspective" focuses on controlling the variability of a bank's interest margin, and therefore implicitly also of its profitability on a short-term time horizon. The models that take this approach are based on the finding of mismatching between the maturity periods or first repricing events for the lending and borrowing positions within a given period of analysis. The most commonly used analytical methods comprise the so-called "gap management" models, in which the principal target variable is represented by the operating interest margin (Resti and Sironi 2007) . The object of the "market value perspective" is to control the effects of variations in the interest rate on the global market value of a bank's financial assets and liabilities. By comparison with the previous approach, the time horizon considered is long because all the dynamics of the cash flow generated by each instrument contributing to the bank's portfolio are taken into account.
The main target variable is the market value of the bank's capital, defined as the difference between the market value of the interest-generating financial assets and of the positions with a positive market value relating to derivatives on interest rates, and the market value of the liabilities and of the positions with a negative market value relating to derivatives on interest rates. The analytical models most often used in the context of this approach are the so-called "financial models", which rely on techniques originally developed to measure the interest rate risk in bond portfolios (Brigo and Mercurio 2007; Staikouras 2006; Grundke 2004) .
Among the most recent contributions, it is also worth mentioning the publication by Drago factor of the exposure to interest rate risk and the shape of the term structure, to clarify what factors determine banks' interest rate risk exposure and how profitable is their term transformation, ultimately aiming to establish whether banks with a large exposure to interest rate risk also achieve a high interest margin. The results showed that the systematic factor of the exposure to interest rate risk (assumed as corresponding to the shape of the past and current term structure of interest rates) moves in accordance with the possible earnings from term transformation, but at bank level bank specific and regulatory effects are far more important. For savings and cooperative banks, in particular, earnings from term transformation are an important source of interest income, and timely changes in earning from term transformation strongly affect their interest income. However, in the cross-section, the interest margin is not much determined by the exposure to interest rate risk. Finally, the study showed that results apply especially to the small and medium-sized banks in the German savings and cooperative bank sector; in contrast, the large German banks seem to have much less exposure to interest rate risk than the savings and cooperative banks.
The studies conducted by Drehmann et al. (2010) , and Alessandri and Drehmann (2010) are among the first to provide an overall picture of the impact of the interest rate risk and the credit risk on banks' activity. The work by Drehmann et al. proposes a general framework for measuring the riskiness of banks, which are subject to correlated interest rate and credit shocks. The analysis concentrates on the positions belonging to the banking book of a realistic hypothetical bank created ad hoc for the case study; these positions are submitted to a stress test and the results are judged by two criteria: the first, designed to verify compliance with the so-called "economic value condition", measures the adequacy of the value of the assets resulting from the model in relation to the value of the liabilities. Using the hypothesis of "perfect foresight", it attempts to capture how current and future changes due to the stress scenario affect the value of all the banks positions instantaneously; it thus gives a long-term view of the impact of a credit shock. The second criterion, the so-called "capital adequacy condition", reflects current general regulatory approaches. The authors assume that the banking book is valued using book-value accounting, so the profits and losses are accounted for only when they materialise, highlighting the real net cash flows and not the changes in the economic value of the balance sheet items affected. As a result, a particular trend of the profits may lead a bank to become undercapitalised in the short run because of severe losses which are expected to be outweighed by future profits. According to the economic value perspective, the bank would still be solvent, but -given the market or supervisory constraints -it could have serious difficulty in continuing to operate. Drehmann et al. also attempt to measure whether the bank in question is sufficiently well capitalised through time by projecting the banks' write-offs, the net interest income, and the capital requirements in a consistent fashion. The results show a strong interaction between credit risk and interest rate risk, sufficient to influence the net-profitability and the capital adequacy: in particular, the magnitude of each risk component and the speed with which the profits return back to equilibrium after the hypothesized shocks depend, among other things, on the repricing characteristics of the positions in the banking book and on the cost of financing them.
Starting from the above-described model, Alessandri and Drehmann (2010) develop a model of economic capital in which the credit risk and the interest rate risk on the banking book interact in a non-linear, dynamic fashion. They show how changes in net interest income can be decomposed into two components: the first one captures the impact of changes in the yield curve, while the second accounts for the crystallisation of credit risk, which implies a loss of interest payments on defaulted loans. Conditionally on the state of the macroeconomy, these two sources of income risk seem to be independent. Assuming a one-year horizon, the authors apply a model to quantify the economic capital following the supervisors' recommendations, which define it as the amount of capital a bank needs to absorb unexpected losses (BCBS 2009 ). The model is implemented on a hypothetical stylized UK bank, comparing the socalled "integrated" economic capital (i.e. the capital level implied by a consistent, joint analysis of credit and interest rate risk) with the so-called "simple" economic capital (the sum of capital calculated considering the credit risk and the interest rate risk separately). For all the portfolios considered, the authors find that the so-called "simple" economic capital consistently exceeds the "integrated" economic capital, although the differences depend on the structure and on the repricing features of the bank's portfolio, thus representing an upper bound relative to the banks' overall risk and an adequate measure of the risk underlying a bank's banking book.
III. Empirical analysis: methodology and framework
The hypothesis of a relationship existing between the liquidity risk and the interest rate risk on the banking book is tested by analysing a small Italian bank over a period of two years, 2009 and 2010. The institution is examined according to its liquidity profile, the variables influencing its dynamics, and its impact on the interest rate risk, on the banking book and on the global management of the intermediary.
The legal framework for liquidity risk
The new international framework for liquidity risk measurement, standards and monitoring (BCBS 2010) has established two minimum standards for funding liquidity: the liquidity coverage ratio (LCR), and the net stable funding ratio (NSFR). Both the LCR and the NSFR will be subject to an observation period and will include a review clause to address any unintended consequences. After an observation period started in 2011, the LCR, including any revisions, will be introduced on 1 January 2015. The NSFR, including any revisions, will move to a minimum standard by 1 January 2018 5 .
The LCR standard aims to ensure that a bank maintains an adequate level of unencumbered, high-quality liquid assets that can be converted into cash to meet its liquidity needs for a 30 calendar day time horizon, in a significantly severe liquidity stress scenario specified by the supervisors. The stock of liquid assets should at least enable the bank to survive until day 30 of the stress scenario, by which time it is assumed that appropriate corrective action can be taken by management and/or supervisors, and/or the bank can be resolved in an orderly way.
The standard requires that the value of the stock of high-quality liquid assets should at least equate to the total net cash outflows (BCBS 2010 (1).
The numerator of the LCR is the "stock of high-quality liquid assets" (HQLA). In order to qualify as HQLA, assets should be liquid in markets during a time of stress and should ideally be central bank eligible. Two categories of assets can be included in the stock. The assets to be included in each category are those that the bank is holding on the first day of the stress period. "Level 1" assets can be included without limit, while "Level 2" assets can only comprise up to 40% of the stock.
The term "total net cash outflows" is defined as the total expected cash outflows minus total expected cash inflows in the specified stress scenario for the subsequent 30 calendar days.
Total expected cash outflows are calculated by multiplying the outstanding balances of various categories or types of liabilities and off-balance-sheet commitments by the rates at which they are expected to run off or be drawn down. Total expected cash inflows are calculated by multiplying the outstanding balances of various categories of contractual receivables by the rates at which they are expected to flow in under the conditions of the scenario up to an aggregate cap of 75% of total expected cash outflows:
Total Net Cash Outflows over the next 30 Calendar Days = = Outflows−Min {Inflows; 75% of Outflows} (2) The NSFR aims to promote more medium-and long-term funding of the assets and activities of banking organizations. This standard is designed to act as a minimum enforcement mechanism to complement the LCR and reinforce other supervisory efforts by promoting structural changes in the liquidity risk profiles of institutions, moving away from short-term 6The total net cash outflows for the scenario are to be calculated for 30 calendar days into the future. Banks and supervisors are also expected to be aware of any potential mismatches within the 30-day period and ensure that sufficient liquid assets are available to meet any cash-flow gaps throughout the period.
funding mismatches toward more stable, longer-term funding of assets and business activities. 1) Determining "significant currencies" "Significant currencies" are those that account for more than 5% of the total assets or liabilities in the banking book. For the purposes of the methodology for the calculation of interest rate risk exposure, positions denominated in "significant currencies" shall be 7Supervisors may also use alternative levels of this NSFR as thresholds for potential supervisory action. 8It includes the assets other than those allocated to the supervisory trading book.
considered currency by currency, while positions not in "non-significant currencies" shall be aggregated.
2) Classification of assets and liabilities into time bands 9This does not include transactions formally settled as current accounts but regarding other forms of lending with specific time profiles (such as advances subject to final payment). 10For example, the band "up to one month" includes 1/60 of the residual amount, and the band "6 months-1 year" includes 6/60. 11On determining the internal capital under normal conditions, the banks could consider annual interest rate changes registered during an observation period of 6 years, and considering alternatively the first percentile 
The liquidity framework of the bank analysed
The balance sheet for the year 2009-2010 of the bank involved in our case study was rearranged to highlight the relevant positions for the calculation of liquidity indicators Basel III compliant and sensitive to changes in the interest rates. As company policy, there are not included the securities belonging to the trading book, so that the prospect could be considered equivalent to the banking book (Table 1) . By applying the Basel III rules we then calculate the LCR and NSFR indicators.
[Please, insert Table 1 here]
The Basel III compliant calculation of the liquidity indicators generated the following values (Table 2): [Please, insert Table 2 here] 13Accordingly, the long and short exposures of different bands can be fully offset against one another. 14Considering the sum of the absolute values is tantamount to assuming, for regulatory capital purposes, the worst combination of positive and negative interest rate shocks for the intermediary. 15The economic value is defined as the present value of the cash flows. For Italian banks, in particular, having had to comply up until a few years ago with rigid rules on maturity transformation, and having continued to follow them (as a control instrument) even after they were repealed, could have further reinforced this situation. On the other hand, the Anglo-Saxon style banks are more oriented towards an "originate to distribute" (OtD) model, and could meet with greater difficulty, under market stressed conditions, in adapting to the structural liquidity indicators because of their different business model.
IV. Effects of liquidity risk management on the interest margin and the interest rate risk on the banking book
Effects on interest margin
The improvements identified in the bank's liquidity have a fallout on its profitability and consequently on its capacity to generate positive results. For credit intermediaries, the main economic result is given by the interest margin (IM), especially for the smaller banks where, according to the Bank of Italy (2012a), it accounts for approximately 72% of the intermediation margin, against the 60% of larger banks.
We consequently investigated how much of the reduction in the IM for the period recorded in 2010 can be attributed to the action taken on the bank's liquidity, i.e. we wanted to quantify the opportunity cost that it had to sustain to improve its liquidity risk management. Table 3 shows the interest margin achieved in 2009 and 2010.
[Please, insert Table 3 (Table 4) .
[Please, insert Table 4 here] Table 4 shows how, in opposition to the decrease in the interest margin, there was an increase of the interest rate spread (given by the difference between the rate for funding and the rate for investments), which rose from 2.03% to 2.09%. Considering the amount of the interest, there was a drop in the interest paid for each funding item and particularly in the interest on the passive current accounts and deposits (-1,482,000 Euro) and the issue of bonds (-2,300,000 Euro); the interest received also dropped for almost all the investments, with the active current accounts and payments under reserve declining by -3,066,000 Euro and the interest deriving from mortgages dropping by -1,046,000 Euro, not compensated by the improvements generated by the rise in the interest on loans to banks (+81,000 Euro) and on the securities portfolio (+7000 Euro). In general, the variation in the amount of interest generated from one year to the next was due to the movements of two variables, i.e. the mass of each item and the related mean interest rate. Of these two variables, the entity of the masses involved is endogenous to the bank 16 , while the rates are exogenous, because they vary with the market. The slight rise in the interest rates consequently cannot be attributed to the bank's policies, it is more a matter of the market conditions in 2010. The shrinkage of the interest margin is therefore attributable more to dynamics beyond the bank's control than to its liquidity management. To isolate the variation in the interest margin due to the bank's liquidity management, we can go back to Table 4 and modify the figures, applying the same interest rates for 2009 to the volume of the positions for 2010 (Table 5) .
[Please, insert Table 5 here] Table 5 shows that keeping the interest rate unchanged gives us a slightly higher loss on the interest margin, amounting to Euro -1,016,000. On the funding side, where there were no marked differences in the masses involved, the variations in the borrowing rate are not very large, but -by comparison with the previous situation (Table 4) -the interest related to the current liabilities and deposits increased (335.000 Euro), and so did the rate relating to the issue of bonds (351.000 Euro), and these changes were only partially balanced by the reduction in the interest generated by the certificates of deposit (-178.000 Euro), achieving a global Euro 457,000 increase in the interest paid. On the side of the investments, there is an evident reduction in the interest generated by active current accounts and payments under reserve (-2,340,000 Euro) and by loans to customers in general, compensated by the increase in the interest relating to the securities portfolio (Euro 2,618,000); the reduction in the interest 16For the bank examined, we assume that all changes on the amount of each item are largely due to the policy regime applied for the improvement of liquidity risk profile. relating to the "other" items (-508.000 Euro) contributes to the negative overall variation in the lending rate, down by Euro 559,000. We could say that the cost of improving the bank's liquidity, in case of unchanged interest rates, corresponds to a reduction in its interest margin of Euro 1,016,000, but if we look at the variation in the interest rate between 2009 and 2010, we see that all the rates dropped by much the same amount (54 bp for the borrowing rate and 47 bp for interest received), except for the rate applied to the securities portfolio, which fell by 191 bp (Table 4 ). This variation cannot be attributed, like the other rates, to market dynamics outside the bank; the lower return is associated with the safer, more liquid securities purchased by the bank to improve its liquidity (given the liquidity-profitability trade-off), so in this specific case the bank's liquidity management also affected its lending rate, because the increase in the HQLA "Level 1" securities and the corresponding reduction in the loans to customers produced not only a variation in the masses involved, but also a reduction in the mean lending rate due to the lower returns on the securities purchased. To understand the real effects of the action taken to manage the liquidity risk, we applied the interest rate of the securities portfolio "2010" after discounting the mean effect relating to the market dynamics (approximately 20 bp), maintaining the same rate as in 2009 for all the other positions (Table   6 ).
[Please, insert Table 6 here] Table 6 shows the real impact of the bank's liquidity management decisions on the interest margin. On the side of the lending rate, the worsening rates due to reducing the loans to customers was so considerable that it could not be compensated by the increase in the interest generated by the securities portfolio, leading to a total negative balance of Euro -2,915,000 that, combined with the interest paid, meant a Euro -3,371,000 shrinkage of the bank's interest margin. This reduction can be interpreted as the price that the bank was obliged to pay to improve its liquidity. Thus, with respect to the Euro -985,000 reduction in the margin initially identified in the balance sheet, the impact of its liquidity management action would have been three times greater if it had not been mitigated by the general reduction in the interest rate due to the particular market conditions.
Effects on the interest rate risk of the banking book
The procedure established by the supervisory authorities to ascertain the exposure of the banking book to the interest rate risk was applied to the bank examined here, obtaining the results shown in Table 7 for the year 2009, and in Table 8 for [Please, insert Table 7 here] [Please, insert Table 8 here] [Please, insert Table 9 here] Further analysing the indicator of exposure to the interest rate risk, we see that the reduction of the regulatory capital between 2009 and 2010 (-1.6%) would have had a negative effect because it reduced the denominator. This effect was amply balanced, however, by the improvement in the numerator, which dropped by -19.4%, enabling the global value of the indicator to be reduced from 7.46% to 6.11%. Consequently, the improvement in the bank's liquidity position is accompanied by a reduction of its exposure to the interest rate risk. We can therefore say that, although the action on its liquidity generated a contraction of its interest margin, these actions enabled the bank to reduce the amount of capital absorbed by the interest rate risk. As shown in Drehmann et al. (2010) , we confirm that a correlation exists between the two risks analysed that does not necessarily implicate a linear relationship, but rather a general dependence.
To further clarify how the bank's liquidity management influenced the interest rate risk, we considered the assets and liabilities, aggregated according to the supervisors' requirements to establish the bank's interest rate risk exposure in the banking book; for each time band we highlighted the changes of corresponding items and the total exposure variation. Furthermore, we determined the contribution of each time band position to the total change of the bank's interest rate risk exposure (Table 10) .
[Please, insert Table 10 here] We can see from Table 10 that the changes incurred in the bank's assets and liabilities following its adoption of a policy to improve its liquidity also favoured a reduction of the exposure to the interest rate risk.
Among the actions taken by the bank that prompted the improvement of liquidity profile, the activities that favoured the increased of the LCR were mostly characterized by the diminution of "demand and revocable" liabilities, that produces no effects on the exposure to interest rate risk, due to a null weighting factor for the related time band. The augment of HQLA, in particular within the time bands "3 to 6 months" and "6 to 12 months" and as replacement of "floating rate loans", determined an increase of the exposure to the interest rate risk that compensated the decrease associated to the time band "up to 1 month". Consequently, we can highlight that the improvement in the LCR had an almost null effect on the variation of bank's interest rate exposure, as we expected taking into account the weighting factors associated with the positions with maturity up to 12 months.
We identified the most meaningful contributions to the reduction of bank's exposure to interest rate risk by analysing the NSFR assessment. In particular, the increase of liabilities belonging to the time bands "1 to 5 years" determined the increase of the indicator, by augmenting the numerator (available amount of stable funding -ASF); on the other hand, considering the asset side of the balance sheet, we identified that the strategy of reducing the assets duration, implemented by enlarging the position with the shortest maturity and diminishing those with longest maturity, caused on that time bands the growth of the exposure to the interest rate risk. Nonetheless, the diminution of assets belonging to time bands "5 to over 20 years", not only produced a decrease of the required amount of stable funding (RSF, the denominator of the NSFR indicator), further improving the long-term liquidity indicator, but also affected the most relevant reduction of the net exposure to the interest rate risk, counterbalancing the previous augments and determining a comprehensive negative variation (-1,483,000 Euro, Table 9 ).
The analysis thus shows that the actions to improve the liquidity led to a more limited exposure to the interest rate risk, and the relationship identified is presumably generally verifiable for the majority of financial intermediaries. It therefore seems feasible to claim that, among the consequences of all the actions taken by the bank to improve its liquidity profile, there is also a positive effect on the interest rate risk.
V. Conclusion
The present study aimed to ascertain whether a relationship exists between the liquidity risk and the interest rate risk of credit institutions. In particular, by means of analysis of a small Italian bank during the years 2009 and 2010, we outlined its liquidity profile, the variables that influenced its dynamics and their effect on the bank's global management, paying particular attention to the interest margin and the interest rate risk exposure of the banking book. The main findings enabled us to demonstrate that, between 2009 and 2010, the bank succeeded in modifying its liquidity profile in order to comply with the incoming constraints imposed by the Basel III Framework, and the differences recorded in the indicators between the two periods give the impression that the bank put more effort into improving its liquidity at one month than at one year. Given the trade-off between liquidity and profitability, improvements in the former are translated into a cost that penalizes the bank's operating profit (Neu et al. 2006) . Although the interest margin remained positive in both years, it was lower in 2010 than in 2009 (-4.10%, equal to -985,000 Euro). To see how much this reduction was attributable to the actions taken to improve the bank's liquidity profile, we calculated the amounts of interest incomes and expenses for each item, monitoring how they changed. Our findings showed that the cost of the policies implemented to improve the liquidity profile, without the general reduction in the market rates occurring in 2010, would have been -3,371,000 Euro, almost 3 times higher than the reduction in the interest margin actually recorded in the balance sheet.
To determine the interest rate risk, we applied the method indicated by the Basel Committee to calculate the summary indicator of the interest rate risk on the banking book. The calculated value of the indicator was below the critical threshold of 20% in both years, and dropped from 7.46% in 2009 to 6.11% in 2010. We can therefore say that the action taken by the bank to improve its liquidity profile generated a simultaneous reduction in its exposure to the interest rate risk. In short, although the action taken to reduce its liquidity risk also lowered its interest margin, it enabled the bank to reduce the amount of capital absorbed by the interest rate risk, giving rise to a globally positive effect.
The analyses conducted so far enable us to say that the costs of implementing a policy of liquidity risk reduction could be compensated by lower capital absorption in terms of interest rate risk. Moreover, the "flight to liquidity" strategy could be particularly suitable in presence of particular trends of the market rates, and may appreciably contribute to improve bank's stability and activity.
Although these assessments relate to specific features of the bank investigated, they are applicable to the majority of financial intermediaries, given that their liquidity risk and interest rate risk always originate from maturity transformation activities, so any action to improve the synchronization of the expiries has a positive effect on both the liquidity risk and the interest rate risk. The future developments of our research will aim to amplify the sample of banks analysed, and to identify the quantitative relationship between these two types of risk, in order to recognize an integrated model for the assessment and management of banking risk.
On the whole, our analysis confirms the hypothesis of a link not only between the liquidity risk and the other banking risks, and the interest rate risk on the banking book in particular, but also with the other main dimensions of a bank's activities, revealing the need to arrive at an integrated risk management in which the control of each of these risks is placed in relation to the bank's different functions and influences its strategic decisions. Note: (a) and (c) are expressed in thousands of Euro. Source: own elaboration with balance sheet data. Note: numerators and denominators are expressed in thousands of Euro. Source: own elaboration with balance sheet data. 17, 314 13, 24,020 23,035 -4.10
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Note: in thousands of Euro unless otherwise indicated. Source: own elaboration with balance sheet data. Note: in thousands of Euro unless otherwise indicated. Source: own elaboration with balance sheet data. Note: in thousands of Euro unless otherwise indicated. Source: own elaboration with balance sheet data. 
